We use near-infrared spectroscopic data from the inner few hundred parsecs of a sample of 47 active galaxies to investigate possible correlations between the stellar velocity dispersion (σ ⋆ ), obtained from the fit of the K-band CO stellar absorption bands, and the gas velocity dispersion (σ) obtained from the fit of the emission- 
INTRODUCTION
In the present paradigm of galaxy evolution, most galaxies which form a bulge also form a supermassive black hole (SMBH) in their nuclei (e.g. Magorrian et al. 1998; Richstone et al. 1998; Ferrarese & Merrit 2000; Gebhardt et al. 2000) . The central SMBH seems to play a fundamental role in the galaxy evolution and cosmological simulations without considering the presence of a SMBH and its associated feedback predict masses for the galaxies much higher than those observed (Di Bower et al. 2006) . In a scenario of co-evolution of the SMBH and its host galaxy, mass accretion to the central region of the galaxy leads to the growth of the galaxy bulge, while the feeding of the SMBH triggers episodes of nuclear activity which results in feedback in the form of radiation pressure and mass ejections from the accretion disk surrounding the SMBH. This episodic feedback may halt the mass accretion to the galaxy preventing its growth in the active phase (Nemmen et al. 2007 ).
This co-evolution may be the mechanism which leads to the empirical relation between the mass of the SMBH and the stellar velocity dispersion of the bulge M • − σ ⋆ , [Ferrarese & Ford (2005) ; but see also Jahnke & Maccio (2011) ].
The M • −σ ⋆ relation has been extensively used to estimate the mass of SMBHs from the stellar 2005; Onken et al. 2004; Nelson & Whittle 1996) . Nevertheless, most of these relations are for the optical domain of the electromagnetic spectrum. With the improvement of infrared (IR) detectors, IR spectra of many AGNs have become recently available, and have the advantage of being less affected by reddening than optical spectra. In the present paper, we investigate the possibility of using the widths of emission lines in the near-IR as proxies for σ ⋆ .
Recent studies by our group, using near-infrared (hereafter near-IR) integral field spectroscopy of active galaxies, have allowed the mapping of the flux distributions and kinematics of the molecular (H 2 ) and ionized gas. We have found, in particular, that the H 2 usually shows small velocity dispersions and a velocity field dominated by rotation, while the ionized gas shows higher velocity dispersions and is not dominated by rotation (e.g. Riffel et al. 2008 Riffel et al. , 2009 Riffel & Storchi-Bergmann 2011a,b) . The kinematics and flux distributions are also consistent with a location for the H 2 gas in the galaxy plane, while the ionized gas, and, in particular [Fe ii] extends to high galactic latitudes.
In the present paper we investigate the correlation between the gas and stellar kinematics derived from near-IR spectroscopy, with the goal of looking for a "proxy" for σ ⋆ among the brightest emission lines in this wavelength range. This paper is organized as follows: in Section 2, we describe the sample and the observational data; in Section 3 we describe the methods used to measure the stellar and gaseous velocity dispersion. The results are presented in Section 4 and discussed in Section 5, while the conclusions are shown in Section 6.
OBSERVATIONAL DATA
The spectroscopic data used in this work are from Riffel, Rodríguez-Ardila & Pastoriza (2006) ; Rodríguez-Ardila, Contini & Viegas (2005) and Rodríguez-Ardila et al. (2004) . The sample comprises 47 active galaxies with a range of activity types, and the spectra cover, on average, the inner 300 pc radius of the galaxies.
The near-infrared spectra were obtained with the NASA 3 m Infrared Telescope Facility (IRTF), using the SpeX spectrograph in the short cross-dispersed mode (SXD, 0.8-2.4µm). The detector employed was a 1024×1024 ALADDIN 3 InSb array with a spatial scale of 0.15"/pixel. A 0.8"×15" slit was used and the spectral resolution is 300 km s The above sample was chosen for this work because it is an unique dataset of near-IR spectroscopy of active galaxies, observed with the same instrumental setup (thus with no instrumental bias), covering the near-IR Z, J, H and K bands, and including several emission and absorption features allowing the comparison of the stellar and gas kinematics.
METHODS
In order to obtain the gaseous velocity dispersion σ, we fitted the emission-line profiles of [S iii]λ0.953µm,
and H 2 λ2.122µm by single Gaussian curves and adopted as the measured velocity dispersion the σ of the Gaussian. These emission lines have been chosen because they are the strongest in the near-IR spectra of active galaxies (e.g. Riffel, Rodríguez-Ardila & Pastoriza 2006). We excluded the H and He recombination lines due to uncertainties in the fit for type 1 objects, for which is not always easy to separate the narrow from the broad components. The fitting of the emission-line profiles was done by adapting the profit routine , which outputs the emission-line flux, the centroid velocity, the velocity dispersion and the uncertainties for each of these parameters. The velocity dispersion was then corrected for the instrumental σ inst =127 km s −1 , which was subtracted in quadrature from the σ obtained from the fit of the Gaussians to the line profiles.
We measured the stellar velocity dispersion (σ ⋆ ) using the penalized Pixel-Fitting (pPXF) method of Cappellari & Emsellem (2004) in order to fit the CO absorptions bands at ∼ 2.3µm in the K-band. The pPXF method requires the use of stellar spectra as templates. We used for this the spectra of 60 late-type stars, 40 of them from the Gemini Near-IR Late-type stellar library ) and the remaining 20 spectra are from stars with public NIFS observations in the Gemini data archive (Diniz et al., 2012 in preparation) . The uncertainties on the measurements of σ ⋆ were estimated using 100 Monte-Carlo iterations as in Riffel & Storchi-Bergmann (2011b) .
In order to illustrate our procedures, we show in Fig. 1 sample fits of the CO absorption band heads at 2.3 µm using the ppxf method, as well as fits of the emission-line profiles using profit for the spectrum of the galaxy NGC5929.
RESULTS
The resulting measurements for the stellar and gas velocity dispersions for the galaxies of our sample are shown in Table 1 . The dashes in the Table are due to the fact that for a few objects we Comparison between the gas velocity dispersions obtained from the H 2 λ2.122µm emission line (σ H 2 ) and the stellar velocity dispersions from the CO stellar absorptions at ∼2.3µm (σ ⋆ ). Points with no error bars in one or both axes represent measurements that are unresolved by our observations and should be considered as upper limits.
were not able to measure one or more values due to the absence of the absorption/emission lines or due to a low signal-to-noise ratio.
We have looked for correlations between the stellar and the gaseous velocity dispersions using the values of Table 1 to construct the graphs of Figures 3, 2 and 4. We have used the IDL routine r − correlate to obtain the Spearman correlation coefficient R for each graph. Figure 2 shows σ ⋆ vs. 
a The Hubble type and Nuclear Activity were taken NASA/IPAC Extragalactic Database (NED) and Hyperleda Database (Paturel et al. 2003) .
σ H 2 . The range of the σ ⋆ and σ H 2 values is approximately the same, something we have noticed in our previous studies of individual galaxies using integral field spectroscopy of the inner hundreds of parsecs (e.g. Riffel et al. 2008 Riffel et al. , 2009 Riffel & Storchi-Bergmann 2011a,b) . Nevertheless, we have obtained only a very weak correlation between σ H 2 and σ ⋆ , with R = 0.35, but we note that the H 2 line is unresolved for several objects.
The relation between σ ⋆ and σ [Fe II] is presented in Figure 3 , showing that σ [Fe II] is usually higher than σ ⋆ , which is also in agreement with the results from the integral field spectroscopic 
which is shown as a dashed line in Fig. 3 .
Finally, the relation between σ ⋆ and σ [SIII] is shown in Figure 4 , resulting in a correlation coefficient R = 0.32, suggesting only a very weak correlation. This figure also shows that σ [SIII] is larger than σ ⋆ by more then a hundred km s −1 , on average.
DISCUSSION
The use of the velocity dispersion from the Narrow Line Region emission lines as a proxy for σ ⋆ in order to obtain an estimate for the SMBH mass via the M BH −σ ⋆ relation in active galaxies is not This emission line has been used instead of σ ⋆ because in active galaxies σ ⋆ cannot be easily measured due to dilution of the stellar absorption lines by the AGN continuum or its scattered light.
In this paper we present an alternative to be used in the near-IR. As shown above, we found a correlation between σ ⋆ and σ [Fe II] , indicating that the latter can be used to estimate σ ⋆ using equation Why is σ [Fe II] better correlated with σ ⋆ than σ H 2 ? As pointed out in the Introduction, our previous studies using Integral field spectroscopy (Riffel et al. 2008 Riffel & Storchi-Bergmann 2011a,b) showed that the H 2 kinematics frequently shows a rotation pattern and a smaller velocity dispersion than that of the ionized gas. This also led to the conclusion that the H 2 gas was more restricted to the galaxy plane, while the ionized gas -and in particular [Fe ii] -extended to higher galactic latitudes. The integrated value of σ ⋆ from the nuclear region of galaxies is dominated by the contribution of bulge stars, which are not restricted to the plane, showing a "hotter" kinematics. Thus, it can be understood that the velocity dispersion of gas which is restricted to the plane does not correlate with that of bulge stars, while that of gas extending to higher latitudes, similar to those of the bulge -such as the [Fe ii] emitting gas -is correlated to that of the bulge stars. The higher values of σ [Fe II] relative to σ ⋆ are probably due to extra heating provided by a nuclear AGN outflow.
Our results can be compared with previous ones in the optical using the σ of the [O iii]λ5007 emission line as a proxy for σ ⋆ . For a sample of 66 Seyfert galaxies, Nelson & Whittle (1996) found a scatter of 0.20 dex around a one-to-one relation between σ ⋆ and σ A cautionary note is the observation of recent spatially resolved studies (e.g. our previous studies already mentioned) that the [Fe ii] emission originates at least in part in outflowing gas. Thus, the width of the line is not only due to orbital motion in the gravitational potential of the galaxy, but is also due to broadening by the outflow, what is consistent with the observation that σ [Fe II] is larger than σ ⋆ . Similar outflows -most probably the same -are observed in the [O iii] emitting gas (e.g. Fischer et al. 2011 Fischer et al. , 2010 Crenshaw et al. 2010 Crenshaw et al. , 2009 Das et al. 2005) . Nevertheless, this line has been frequently used as a proxy for σ ⋆ as discussed above, due to the lack of a better indicator. Our argument is that the
is at least as good σ ⋆ proxy as σ [O III] , and can be used when the latter is not available.
We thus propose the use of σ [Fe II] to obtain σ ⋆ via eq. 1 in cases for which it is not possible to measure the stellar kinematics of the galaxy, and the optical spectrum is obscured or not available, so that the [O III]λ5007 emission line is also not available. Nevertheless, this suggestion should be used with care, since the M • − σ ⋆ is calibrated from a parent sample of mostly early-type galaxies and, as seen in Table 1 most of the objects of our sample are late-type. Late-type galaxies can have distinct σ ⋆ values than early-type galaxies, since the orbits of the stars in a disk are different than the orbits of the stars in the bulge. Additionally, some of the galaxies of our sample have bars, circumnuclear star forming rings or nuclear starbursts or even are classified as peculiar objects and thus the σ ⋆ measured for these objects could be very different than those for the classical bulge, used to calibrate the M • * − σ ⋆ relationship.
The effect of galaxy morphology on the M • − σ relation
As pointed out above, the M • − σ ⋆ relation is calibrated using a parent sample of mostly early-type galaxies. But Table 1 shows that about 30% of the galaxies of our sample are late-type, which can have distinct σ ⋆ values from those of early-type galaxies, since the orbits of the stars in a disk (which dominate in late-type galaxies) are distinct from those in a bulge (which dominate in earlytype galaxies). Additionally, ≈ 30% of the galaxies of our sample have bars, and another 30% have uncertain classifications and are peculiar objects which may not obey the the M • − σ ⋆ relationship.
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Xiao (2011) investigated the M • − σ ⋆ relation for late-type galaxies for a sample of 93 objects with Seyfet 1 nucleus. They examined the M • − σ ⋆ relationship for subsamples of barred and unbarred host galaxies and found no difference in slope. They only found a mild offset in the relation between low-and high-inclination disk galaxies, with the latter tending to have larger σ ⋆ for a given value of the black hole mass.
The M • − σ ⋆ relationship for galaxies of different Hubble types have also been studied by Graham et al. (2011) using a sample of 64 galaxies. They found that restricting the sample only to elliptical galaxies, or only to non-barred galaxies result in tighter relations (with less scatter) and a smaller slope than when using the full sample of galaxies. The M • − σ ⋆ relation obtained when the sample is restricted to barred galaxies only lies ≈ 0.45 dex bellow the relation obtained for elliptical and non-barred galaxies.
In order to investigate the effect of the presence of a bar in the M • − σ [Fe II] relation of Fig. 3 , we divided our sample into two sub-samples: one composed of barred galaxies only and the other of unbarred galaxies. We found a much better correlation between σ [Fe II] and σ ⋆ for the unbarred galaxies than for the total sample, as illustrated in Fig.6 . The correlation coefficient is R = 0.80 and a linear regression to the relation is given by σ ⋆ = 57.9 ± 23.5
On the other hand, no correlation was found for the barred galaxies, for which the correlation coefficient between σ [Fe II] and σ ⋆ is only R = 0.20.
Approximately half of our sample is composed by early-type galaxies (half of which are barred), the remainder being of late-type galaxies and galaxies with uncertain morphology (usually because they are distant and compact). But the number of galaxies of our sample is not large enough to further investigate the effect of morphology (besides the effect of bars discussed above) on the σ ⋆ − σ [Fe II] relation. This will be possible only when more near-IR AGN spectra become available, and the equations 1 and 2 could be better calibrated using large non-biased samples of galaxies.
On the other hand, when applying the σ ⋆ − σ [Fe II] relation to distant galaxies, it will be hard to ascertain a Hubble type to such galaxies, and it will probably better to just use the relation for the whole sample (equation 1), in spite of the fact that a relation for restricted Hubble types (e.g., for galaxies without bars) shows less scatter.
Many present/future missions are discovering/will discover large numbers of obscured AGN, We now evaluate the effect of the scatter introduced by the use of eq. 1 in the value of SMBH masses obtained via the M • − σ ⋆ relation, which result in higher uncertainties in M • than those obtained by using σ ⋆ directly. In order to do this, we use the relation below from Graham et al. (2011) :
to obtain M • /M ⊙ , using for σ ⋆ first its measurement from the stellar kinematics and then the value derived from σ [Fe II] using eq. 1. We compare the two values in Figure 7 (log M(σ ⋆ ) vs.
log M(σ [FeII] )), which shows a good agreement between them, with an average difference of ∆logM • = logM(σ [Fe II )−logM(σ ⋆ ) = 0.02±0.32. In the same figure, we show also the masses for the SMBH obtained for the sub-sample of unbarred galaxies as open symbols, using the eq. 2 to obtain σ ⋆ .
There is no diference in the average value of the SMBH masses obtained, and the mean scatter is 0.28 dex, which is somewhat smaller than the one for the complete sample.
CONCLUSIONS
We have used near-infrared spectroscopic data of a sample of 47 active galaxies in order to inves- • Very weak correlations are found between σ ⋆ and both σ H 2 and σ [SIII] ;
• The best correlation is found for the [Fe II] emitting gas with R = 0.58 for the Spearman rank correlation coefficient between σ ⋆ and σ [Fe II] (both the λ1.257µm and λ1.644µm emission lines can be used). A better correlation is found if we exclude the barred galaxies from the sample (R=0.80), while no correlation is found for the sub-sample of barred galaxies. The filled squares are for the complete sample, for which the eq. 1 was used and the opened squares points of for unbarred galaxies, for which the eq. 2 was used. The error bars shown include the uncertainties in the calibration of the M • − σ ⋆ relation.
• σ [Fe II] can thus be used to estimate σ ⋆ for objects for which the stellar velocity dispersion cannot be measured or is unknown. The best fit of the data is given by the equation σ ⋆ = 95.4 ± 16.1 + (0.25 ± 0.08) × σ [Fe II] for the complete sample and σ ⋆ = 57.9 ± 23.5 + (0.42 ± 0.10) × σ [Fe II] for the sub-sample of unbarred galaxies.
• The equations above should be improved and re-calibrated when larger and non-biased samples of near-IR spectra of AGN become available.
• The scatter from a one-to-one relationship between σ ⋆ and its value derived from σ [Fe II] using the equation above for our sample is 0.07 dex, which is smaller than the scatter of previous relations using σ [O III] in the optical as a proxy for σ ⋆ .
• The use of σ [Fe II] in the near-IR instead of σ [O III] in the optical is particularly important for cases in which the optical spectra is not available or is obscured, as is the case of many AGN.
• The comparison of the masses for SMBHs obtained from the direct use of σ ⋆ in the M • − σ ⋆ relation with those using σ [Fe II] to obtain σ ⋆ reveals only a small average difference of ∆logM • = 0.02 ± 0.32 for the complete sample and ∆logM • = 0.00 ± 0.28 excluding barred galaxies from the sample.
